Columbia, and a sister who lives in the interior of British Columbia.
His schooling was in Ladner and he won scholarships to the University of British Columbia (UBC) which he entered in 1935. He graduated with an Honours B.A. in Mathematics and Physics in 1939 and stayed on to take an M.A. in Physics in 1941. His thesis topic was 'On the ultraviolet spectrum of the hydrogen-deuterium molecule' and had been suggested by Dr C. Rulon Jeppeson who left UBC before the research was completed. The thesis was then supervised by Professor A.M. Crooker.
W a r tim e w o r k
Canada was now deeply involved in World War II and was mobilizing all its available sci entists to help in the war effort. Bell was sent to the National Research Council (NRC) Laboratories in Ottawa and was attached to the Radar Research Unit to work under the direc tion of Dr G. A. Miller on the development of vhf, uhf and microwave antennas for the mili tary. He worked on many aspects of antenna design and, among other things, developed a novel K band scanner. Dr Miller has commented that 'I was greatly impressed with Bob's scholarship while he was with me at NRC. He carried through his assignments largely without direction and brought each to a successful conclusion. He kept beautifully complete notes on each of his projects and it was clear that he would go far in the world of science'. It was in connection with his work on microwave antennas that he met the late Professor J.S. Foster, F.R.S., who was also working on a microwave scanner with a high-speed saw-tooth scan. His association and growing friendship with Foster led to his decision to accept an NRC Fellowship after the war and enrol as a graduate student in the Physics Department at McGill University in Montreal.
The written and oral preliminary examinations in the Ph.D. programme were designed to test the students' general mastery of physics and were regarded as a major and somewhat frightening hurdle to be overcome before the serious research work could be undertaken. Bell, however, sailed through these examinations and scored the highest marks ever recorded up to that time. By now his interests had focused onto nuclear physics and he was given the opportunity to do his thesis research at the recently opened nuclear laboratories at Chalk River, Ontario.
C h a lk R iv er
The Chalk River Laboratories were established towards the end of the war with the object of developing a nuclear reactor programme based on heavy water and natural uranium. A wise decision to collect a world-class team of nuclear scientists at the laboratory to take advantage of the expected high neutron flux to be available from the NRX reactor attracted many young and able researchers to the remote site on the banks of the Ottawa River some 120 miles north west of the city of Ottawa. Bell was one of these and joined Dr L.G. Elliott in the setting up of (3-ray spectrometers. He had an instinctive flair for electronics and elec tronic instrumentation and soon had extremely stable magnet current supplies and automated data recording systems working reliably. This was well before such systems were available commercially and well before the advent of transistorized electronics. Elliott became his thesis advisor and the two formed an ideal professor-student research team. Elliott had a deep understanding and feeling for nuclear physics and much of this rubbed off on Bell who always maintained that he owed a tremendous debt of gratitude to his supervisor for his guid ance at that stage.
One of the first major experimental results to come from the availability of the high flux of neutrons at the NRX reactor was their measurement of the binding energy of the deuteron which they showed to be significantly higher than previously thought. The care and precision of this work revealed the high degree of experimental ability and ingenuity of the authors and established a growing realization of the high standards of work at the Chalk River Laboratories. This work formed the major part of Bell's thesis for the Ph.D. degree which was awarded by McGill University in 1948.
Nuclear physicists were now deeply involved in the study of the structure of the nucleus, how the neutrons and protons behaved inside the dense atomic core. The availability of par ticle accelerators, nuclear reactors and different types of spectrometer resulted in a flood of data on nuclear energy levels. Models of nuclear structure appeared and made predictions which were avidly checked by experimentalists. One of these predictions concerned the life times of nuclear excited states and measurements were needed on very short lifetimes. Ordinary electronics based on techniques carried over from the wartime work on radar could measure time delays down to about 0.1 ps but shorter lifetimes were now more interesting. Bell became interested in this and, in collaboration with H.E. Petch and R.L. Graham, devel oped an ingenious method of measuring nanosecond time delays between energy-selected pulses from nuclear detectors based on scintillation phosphors and photomultipliers. These were operated at very high voltages so that a single photoelectron from the photocathode of one of the detectors would generate a large enough voltage change on the photomultiplier anode to cut off the current in a pentode without further amplification. This current change produced a pulse which, when clipped by a shorted delay line, formed a square nanosecond pulse for use in a fast coincidence circuit with a similar pulse from the other detector. To select the energy a pulse from a lower dynode in the photomultiplier was amplified in the normal way and amplitude selected for a slow triple coincidence with these fast timing pulses. Their natural abilities with electronics enabled them to perfect this coincidence tech nique to a high degree of precision which, bearing in mind that this was still in the vacuum tube era and well before commercially available electronic boxes, was quite remarkable. It enabled them to measure lifetimes of excited states of less than 1 ns with a precision of about 0.2 ns. They developed it to the point where a pair of fully automated P-spectrometers were combined with an automated fast delayed coincidence unit. This set-up could perform any combination of P-ray spectroscopy, coincidence spectroscopy or delayed coincidence experi ments on P-rays and conversion electrons of selected energies. With it they contributed sig nificantly to the rapidly growing experimental information on the decay schemes of nuclei, especially those which could be produced by neutron capture. Of especial interest and signif icance was their measurement of several lifetimes of magnetic dipole transitions on which very little information was available before their work.
Futhermore, their delayed coincidence technique was well suited for measuring the time distribution of annihilation radiation emerging from solids and liquids following the absorp tion of fast positrons. The positrons couple up with electrons in the absorber to form positronium atoms which subsequently decay into annihilation photons. Since the spins of the electron and positron are both one half, a positronium atom can be formed in either a singlet or triplet state. The singlet state annihilates into two photons and the triplet state into three to conserve spin. The time delay between the entry of the positron into the solid or liquid and the appearance of the annihilation photons gives information on the lifetime of these positronium atoms. They found that the distribution was nearly all short lived, of the order of 0.1 ns, if the positrons were absorbed in metals, but was more complex when the absorption took place in amorphous solids or liquids. Two distinct lifetimes were observed, the shorter being a few tenths of a nanosecond and the longer varying from 0.5-4 ns. The two components had similar spectral distributions consistent with a two quantum annihilation process. They inter preted the shorter lifetime as being due to the decay of the singlet state of positronium and the longer lifetime as due to a long-lived triplet positronium state; this state then converted by collision with neighbouring atoms to the singlet state which then in turn annihilated rapidly. Subsequent work by Bell and Green at McGill showed that though the basic singlet triplet explanation was correct the two quantum decay of the triplet state was explained better by an idea of Garwin in which the positron in triplet positronium atoms annihilates by two quanta annihilation with an electron from a neighbouring atom having a favourable spin orientation.
M cG ill
In the early 1950s W.B. Lewis, F.R.S., then Vice-President of Atomic Energy of Canada Limited and Director of the Chalk River Laboratories, became concerned at the slow rate at which nuclear research and the use of radioactive materials were being transferred to Canadian hospitals and universities. One result of this was the loan of Bob Bell to McGill University to transfer some of the Chalk River expertise. He would also be able to take advantage of the McGill 100 MeV proton synchrocyclotron which had been designed and built by J.S. Foster, F.R.S., and his colleagues and graduate students in the period following the war. It was built with minimum capital funding -none from governments -but with con siderable ingenuity and energy. It turned out to be one of the most productive particle accel erators built during the immediate post-war era and has only recently been completely decomissioned and dismantled. Whereas Bell's research at Chalk River had centred on neutron-rich nuclei which could be readily produced in the NRX reactor he now had at his disposal a cyclotron capable of pro ducing neutron-deficient nuclei. He and his students studied (p, jcn) reactions with protons ranging from 12 to 85 MeV by irradiating targets at various radii inside the cyclotron. They devised ingenious rapid extractors to enable the irradiated targets to be rapidly withdrawn and the resulting electron capture activity studied with sodium iodide scintillation counters. The object was to collect a body of data on (p, xn) cross sections which could be used as a test of various nuclear models. The energy range was an interesting one because within it the compound nucleus formation characteristic of low energy reactions begins to be replaced by the direct nucleon processes characteristic of higher energy reactions. The cross sections were measured to a precision of about 15% and over a range of x from 1 to 7 using several isotopically pure heavy element targets. The results were in general consistent with a combi nation of compound nucleus formation and a prompt nucleon-nucleon cascade using reason able nuclear parameters. The work was later extended to (p, pm) reactions in 197Au where the cross sections were much larger than predicted by these processes. This unexpected result was interpreted in terms of two-body collisions in the diffuse surface of the target nucleus.
Most of this experimental work made use of a 28 channel analyser which had been designed and built in the laboratory under Bell's direction. This use of in-lab made equip ment was typical of experimental procedures of the time and is of course in sharp contrast to the enormous quantities of commercially available equipment characteristic of today's uti lization of 'black box' electronics. At that time, nuclear experiments were usually undertaken by individuals or teams of two or three scientists in sharp contrast to the large groups who now work on particle physics experiments.
During this period at McGill, Bell's experimental programme was not restricted to the (p, jcn) work described above. Other significant contributions included a measurement of the half-life of 198AU to an accuracy of about one part in a thousand, a measurement to an accu racy of about 0.5% of the neutron capture cross section of 198Au and a difficult measurement of the half-life of the long-lived isotope 207Bi. All these results helped to resolve previously discordant results from other laboratories and were important in the interpretation of other experimental results. In all cases the experiments were touched with the distinctive flair of Bell's sharp insight into electronic and other techniques. He had a real feeling for apparatus and an uncanny instinct into its optimum utilization. But above all his deep understanding of the purpose of the experiments he was doing, led to a quick appreciation of how to do them efficiently and effectively within the limitations of the equipment at his disposal.
C o p en h a g en
In 1958 Bell spent a year at Niels Bohr's Institute in Copenhagen. Though the Institute is better known as a centre for theoretical physics it has active and well-equipped facilities for experimental research in nuclear physics. He quickly took advantage of this and coordinated a group to examine the rotational spectra of deformed heavy nuclei using the fast coinci dence experience he had gained at Chalk River and McGill.
Two parts of the periodic table where nuclei have large stable deformations are the rare earth region extending roughly from samarium to wolfram (tungsten) and the heavy element region from 218Em to 240Pu. In these regions the even nuclei show the typical spectrum of a deformed axially symmetric structure with levels of character 0+, 2+, 4+, ... The rare earth region had been extensively studied both by Coulomb excitation of the 0+ to 2+ transition and by measurements of the half lives of the reverse gamma transition from 2+ to 0+. However, comparatively little was known about the heavy element region.
Bell and his co-workers used the delayed coincidence method and a fast time amplitude converter to measure the half lives of the first excited states for 18 even nuclei of Em, Ra, Th, U and Pu. They all lay in the range 0.15-0.76 ns and were used to calculate the reduced transi tion probabilities, quadrupole moments and deformation parameters for the nuclei concerned. These turned out to be in good agreement with the theoretical predictions and were an impor tant contribution at a time when the understanding of the structure of deformed nuclei was being developed at the Institute and elsewhere. Combined with some Coulomb excitation results from other laboratories it also verified the previously calculated electric quadrupole conversion coefficients for this previously unexplored region of nuclear charge and energy.
This work was a veritable tour deforce involving the construction of electronics, irradia tion of samples in a different laboratory located in a different country, relatively complicated chemical separation, source preparation in an isotope separator and many subsidiary experi ments with alternate counting systems. It is a tribute to Bell's drive and organizing ability that it was completed in about a year! B a c k at M c G ill
Delayed proton emission
Until 1960 all experiments with the McGill cyclotron were conducted using the internal beam. Targets were mounted on probes which could be adjusted to the appropriate radius inside the magnet to select the required proton energy. After Bell's return from Copenhagen a deflector was installed to extract the beam and guide it into a laboratory well separated and shielded from the main machine. With this beam Bell and a series of graduate students dis covered a new form of radioactivity called delayed proton emission. This was undoubtedly the most significant scientific achievement from the McGill cyclotron and was a tribute to Bell's stature as a physicist and a leader of research groups.
Delayed neutron emission had been known since 1938 and occurs when a radioactive nucleus decays by (3 emission to a daughter state with sufficient energy to emit a neutron. This neutron is delayed by the slow 6 decay which precedes its own emission. Such radioac tive nuclei are produced in the fission of heavy nuclei and the corresponding neutrons do not appear promptly with the fission event but are significantly delayed. Nuclear reactors operate with both the prompt and the delayed neutrons and it is the latter which enable them to func tion in a stable and safe manner. The corresponding process of delayed proton emission was not reported until 1963 when Bell and his students observed it following the 0.3 s positron decay of 25Si. Bell's group then also found delayed protons following the decay of 17Ne, 21Mg and 40Sc and were able to propose detailed decay schemes for these nuclides in the relevant regions of excitation. Among other things this work showed the capability of delayed proton spectroscopy to pick out (3 decay branches of very low intensity and to help in the elucidation of complex decay schemes.
A very significant aspect of this work was the identification of analogue states. If the specifically nuclear force between nucleons is charge independent, i.e. if it is independent of whether the nucleons are protons or neutrons or some of each, then there should exist among the excited states o f 25Al, which follows the positron decay of 25Si, a state whose configura tion and nuclear motion are exactly the same as the ground state of 25Si but with one proton turned into a neutron. This state should be preferentially favoured in the (3 decay of 25Si and was identified by the subsequent proton emission. This work led to an in-depth study of such states elsewhere by other nuclear reactions as a means of exploring the whole hypothesis of the charge independence of nuclear forces and the conservation of isospin.
Further delayed proton emission was found by Bell's group in the A=4n+l series including 9C, 130 , 17Ne, 21Mg, 25Si, 29S ,33Ar and 37Ca. The latter was of considerable interest in connection with solar neutrinos in that it confirmed the estimate for their absorption cross section in 37C1 which was then being used for their detection.
In many cases the positron decay preceding the proton emission is between analogue states and is classified as superallowed because the two states are as similar as they can be. A quantity called the log f t value is of considerable significance in categorizing the type of tran sition and is of great interest in confirming the detailed theory of the [3 decay process. In this expression/is related to the energy of the transition and t is the half-life. The intensity of the proton group following the positron emission can be used to estimate the half-life. A detailed study of such transitions continued at McGill and also included positron decay branches which were not between states with identical configurations.
The work on delayed proton emission by Bell and his students also provided considerable energy level data for the neutron deficient emitters, supplementing the rather sparse knowl edge available at that time.
Inelastic proton scattering
The angular distribution of inelastically scattered protons depends on the spin and parity of the excited state of the target nuclide and thus provides a useful contribution to the under standing of the structure of these states. Intermediate energy protons can reach a wide range of such states and therefore give a useful tool for nuclear structure studies. But a high degree of energy resolution is needed to resolve the states properly; earlier work had been severely disadvantaged because of an inadequate resolution. Furthermore the measurements must be made over as wide an angular range as possible. This prompted Bell and his students to use cooled lithium-drifted germanium crystals as total absorption proton detectors. The work was successful and achieved an adequate resolution to separate the excited states up to a scat tering angle of about 60°. They were able to obtain significant results on several excited states of 24Mg and 28Si and subsequently also on 12C.
At about this time Bell was called upon by McGill to play a more active role in the leader ship of the University and his involvement in physics research declined significantly. However, one cannot leave a discussion of this topic without commenting on his humility and modesty in not claiming credit for the help he so willingly and effectively gave to his students and col leagues in their research. He had an incisive ability to size up a problem very quickly and to see a way to its solution. For many students and colleagues a few minutes' discussion with Bob would resolve many days of their own frustrations and worries. Yet he would seldom take credit for his contribution and would only allow his name to appear on a publication if he felt he had made a major contribution in time as well as ideas. This resulted in his own publication list, impressive though it was, in only reflecting a fraction of his influence and productivity. Perhaps one consequence of this was that much of his work at McGill was undertaken with barely sufficient funding. This necessitated the in-house design of several pieces of equipment which could have been purchased commercially at greater expense. A case in point was the multichannel pulse analyser developed and built in 1954. It contained 28 identical circuits each containing 7 vacuum tubes and was built for about $1500, far less than an equivalent commer cial analyser would have cost at that time. It saw extensive use in the next 6 years and was used for most of the scientific papers and theses coming out of the laboratory during that period. By 1960, however, a fully transistorized 256 channel analyser was commercially available and with much anguish one was purchased at $17 000. Coincidentally the old home-made one expired (by fire) just after the new purchase! Bell later wrote a charming elegy for the old machine, expressing his gratitude and sentimental affection for the tremendous service it had rendered.
A final note on Bell's deep interest in physics concerns his fascination in the way in which it could explain the apparently strange behaviour of some instruments and devices. A case in point was his study at home of the rotation of a Crookes radiometer. This is a partly evacu ated glass bulb containing a rotatable set of vanes, one side of each being painted black and the other side being silvered. When placed near a window it rotates, often at considerable speed, and most people consider this is due to the difference in reaction of the two sides of the vanes to the radiation. Bell had been given one by his daughter for Christmas in 1982 and by a series of experiments involving placing it near the fireplace showed that the rotation had nothing to do with the radiation falling on the vanes from outside but is due to the tempera ture difference of the gas on each side of each vane. P r in c ipa l o f M cG il l U n iv e r s it y Until the 1960s senior positions at McGill had been for the most part appointed. The Board of Governors had appointed the Principal, the term McGill uses instead of President, and he in turn through his chain of command had appointed academic and administrative positions. In general it had worked well and in particular McGill had benefited from excel lent leadership provided by some very distinguished and able Principals. But the student unrest of the late 1960s had forced an in-depth review of the whole structure of universities. Unfortunately this review had been forced to take place in haste and often accompanied by confrontation and even violence. Rocke Robertson, then Principal at McGill, steered the University through these stormy seas with immense patience and skill and it emerged rela tively unscathed, though there were many unsavoury incidents! When he retired in 1969, the storm had practically blown itself out but that was not apparent at the time. In order to defend traditional values the academic staff were determined to see that the next Principal was an academic above suspicion and not a hastily selected radical who would overreact to the extreme demands being suggested at the time. By now selection committees were making recommendations for senior appointments and the one for the Principalship soon resolved to search for a distinguished academic who would restore a sense of stability and purpose to the University. Their selection of Robert E. Bell was greeted with relief and joy by a large majority of the academic staff and student body who were anxious to get on with the tradi tional functions of teaching and research which had been so disturbed by the recent upheavals and uncertainties.
Bell quickly restored a sense of dignity to the University and to its reputation. He re cemented old loyalties to McGill, healed wounds and gave the campus a sense that all was well again and that the storm had passed. He was exactly the right person at the right time and the University owes his memory a great debt of gratitude for his quiet yet firm guidance during that period of transition from turbulence to its proper function of academic excellence. Both on campus and during the many visits to branches of the Graduate Society he was immensely helped by his wife, Jeanne Bell, who herself was an honours graduate of McGill. Her charm and graciousness combined with his sincerity and genuineness was an immensely successful combination in interacting with graduates, businessmen and other academic leaders.
A ft e r t h e P r in c ipa l sh ip After nine very stressful and demanding years as Principal, Bell was exhausted and, to many people's dismay, he tendered his resignation to the Board of Governors. He returned to the Physics Department where he already held the Rutherford Professorship. He resumed teaching and gave a very popular course on electronics. His advice was widely sought not only by his colleagues in Physics but also by the incoming administration of the University. He took on many outside activities and responsibilities, one of the most significant of which was the Presidency of the Royal Society of Canada from 1978 to 1981. Another of his many responsibilities in which he took a particularly active interest was his participation as a Canadian delegate to the Science Council of NATO from 1981 to 1990. The list of appoint ments and memberships indicates his considerable involvement in national and international organizations at this time.
Vancouver
Bell had grown up in British Columbia and, as a result of the purchase of land from the Indians by his great grandfather, owned some very valuable property in Tsawwassen, a city just south of Vancouver. When he was offered the post of Director of the Arts, Science and Technology Centre located in downtown Vancouver he left McGill and returned to the region he knew so well. The Centre was then only a few years old and contained some science exhibits in a small commercial property in downtown Vancouver. But the pioneers of the organization envisaged a considerable expansion into some of the buildings to be left over from the British Columbia Expo in 1986. In due course this potential materialized into what is now a very inter esting facility called 'Science World'. Bell took over as Director just as the Centre was getting its act together and presided over it for two very formative years before his final retirement.
C h a r a c t er , per so n a lity a n d family Bob Bell was a kind and compassionate man, always ready to lend a helping hand to a stu dent, colleague or friend who was in need. He had a very quick and incisive mind and seemed to be able to see to the core of a problem, usually well before others. Many of us remember conversations that miraculously resolved difficulties with which we had been struggling for a long time. He was always generous in praising other people's accomplish ments and belittling his own. Inevitably he had some opponents but he never failed to say something good about them.
Bob maintained a strong interest in English literature and was particularly fond of poetry; his humour often came out in the form of short poems. He also had a deep appreciation of music, especially jazz.
Bob met his wife, Jeanne Atkinson, in Deep River, the residential town for the Chalk River Laboratories, in 1946 and they were married in 1947. Their daughter, Alison Ann, was bom in Montreal in 1955 and is now a medical doctor, currently the Director of the Epidemiology Division of the British Columbia Centre for Disease Control. After Bob's return to Vancouver they designed and built a magnificent home on the Tsawwassen beach with picture windows looking in both directions along the beach and out across the Strait of Georgia. Unfortunately he was not able to enjoy it for long; a stroke during the Christmas holidays of 1989 turned out to be very debilitating and made Bob's final years less than happy not only for himself but for his friends and family. 
